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Background: Tibet of China, with an average altitude of over 4000 m, has experienced noticeable changes in its
climate over the last 50 years. The association between temperature andmorbidity (most commonly represent-
ed by hospital admissions) has been documented mainly in developed countries. Little is known about patterns
in China; nor have the health effects of temperature variations been closely studied in highland areas,worldwide.
Objective:We investigated the temperature–morbidity association in Lhasa, the capital city of Tibet, using sex-
and age-speciﬁc hospitalizations, excluding those due to external causes.
Methods: A distributed lag non-linear model (DLNM) was applied to assess the nonlinear and delayed effects of
temperature on morbidity (including total emergency room visits, total and cause-speciﬁc hospital admissions,
sex- and age-speciﬁc non-external admissions).
Results:High temperatures are associatedwith increases inmorbidity, to a greater extent than low temperatures.
Lag effects of high and low temperatureswere cause-speciﬁc. The relative risks (RR) of high temperature for total
emergency room visits and non-external hospitalizations were 1.162 (95% CI: 1.002–1.349) and 1.161 (95% CI:
1.007–1.339) respectively, for lag 0–14 days. The strongest cumulative effect of heat for lag 0–27 dayswas on ad-
missions for infectious diseases (RR: 2.067, 95% CI: 1.026–4.027). Acute heat effects at lag 0 were relatedwith in-
creases of renal (RR: 1.478, 95% CI: 1.005–2.174) and respiratory diseases (RR: 1.119, 95% CI: 1.010–1.240),
whereas immediate cold effects increased admission for digestive diseases (RR: 1.132, 95% CI: 1.002–1.282).
Those ≥65 years of age and males were more vulnerable to high temperatures.
Conclusion:Weprovide a ﬁrst look at the temperature–morbidity relationship in Tibet. Exposure to both hot and
cold temperatures resulted in increased admissions to hospital, but the immediate causes varied.We suggest that
initiatives should be taken to reduce the adverse effects of temperature extremes in Tibet.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).ctious Disease Prevention and Control, National Institute for Communicable Disease Control and Prevention, Chinese Center for
gping District, Beijing 102206, PR China.
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Variations in temperature affect human health in many ways (IPCC,
2014). The effects of both high and low temperatures on short-term in-
creases in dailymortality andmorbidity have been reportedworldwide,
particularly in developed countries, including the US (Barnett, 2007;
Basu and Ostro, 2008; Braga et al., 2002), Canada (Pengelly et al.,
2007), Europe (Aström et al., 2013; Vandentorren et al., 2006), and
Australia (Vaneckova and Bambrick, 2013; Vaneckova et al., 2008).
Temperature-sensitive health outcomes include chronic conditions
such as cardiovascular diseases, respiratory diseases and renal diseases,
as well as infectious diseases (vector-borne and water-borne) (IPCC,
2014).
Importantly, factors that inﬂuence susceptibility to temperature
tend to vary from one location to another and we note that little is
known about how temperature and other aspects of weather affect
human health in highland areas. Tibet of China, lying at an average alti-
tude of more than 4000 m, is called “the third pole of the world”. Tem-
peratures on the “roof of the world” have been increasing by 0.32 °C
every decade inwinters from1955 to 1996, amuch faster rate of change
than has been observed in China, or in Asia generally (Liu and Chen,
2000). Accordingly Tibet is regarded as one of the most vulnerable
areas to climate change in the world (Du et al., 2011; Yu et al., 2012a).
However, in common with many other developing regions, nothing
has been documented to date about the potential effects on health of
long-term changes in climate, with particular reference to vulnerable
subgroups.
The capital city of Tibet, Lhasa, has experienced considerable
changes in climate over the past 50 years. Maximum temperatures
in Lhasa reached 30.4 °C in 2009 summer. Before this, the highest
record is 29.9 °C in 1971. A cross-sectional survey of 619 respon-
dents from urban Lhasa in 2012 summer found that many local resi-
dents are aware of the warming that has occurred in recent years
(Bai et al., 2013). Over 78% reported that rising temperature is either
a “very” or “somewhat” serious threat to their own health, and nearly
40% reported that they had experienced heat-related symptoms. The
next step is to relate temperature variations to local measures of
health and identify those in the population who are most affected,
in order to target interventions and develop Tibetan-speciﬁc public
health programs.
The objective of this study was to investigate the relationship
between temperature and morbidity in Lhasa, using sex- and age-
speciﬁc hospital admissions excluding those due to external
causes.Picture 1. An aerial photograph of Lhasa City, Tibet. (The red triangle represents the locatio
Autonomous Regions).2. Methods
2.1. Data Collection
Lhasa, with an elevation of about 3680m, is located in aﬂat river val-
ley surrounded by theHimalayaMountains rising to 5500m (Picture 1).
In 2010 the population of the city numbered 559,400 (287,400 men,
272,000 women). We obtained records of hospital admissions (1 January
2005 to 31 December 2012) and emergency room visits (1 March 2005
to 31 December 2012) from the People's Hospital of Tibet Autonomous
Regions, which is located at the center of the city and close to the Potala
Palace (Picture 1). This is the biggest public hospital in Tibet, with ad-
vanced facilities, more than 500 beds and over 900 staff. It is the only
hospital in Tibetwith awell-managed electronicmedical record system,
which can provide daily data from 2005 to the present, and the People's
Hospital is also the ﬁrst choice of most of the local residents whenever
they need to see a doctor or have acute health problems.
Hospitalization data included principal diagnosis, admission and dis-
charge dates, total charges, date of birth, sex, ethnicity, and residential
street address. Based on the International Classiﬁcation of Disease,
10th Revision, Clinical Modiﬁcation (ICD-10) we classiﬁed the data
into ﬁve cause-speciﬁc categories: non-external hospital admission
(A00-R99); infectious, (A00-B99) cardiovascular (I00-99), respiratory
(J00-99), renal (N00-28) and digestive (K20–31, 50–52, 55–63, 92).
For emergency room visit data, we obtained only the total daily counts
with neither causes nor patients' information. Daily meteorological
data for Lhasa were provided by the National Climate Center from
2005 to 2012. The variables included daily maximum, mean and mini-
mum temperature and relative humidity.2.2. Data Analysis
Previous studies have shown that temperature effects on human
health are frequently delayed in time. In this study, a distributed lag
non-linear model (DLNM) was ﬁtted to examine the relationship be-
tween temperature and daily numbers of hospital admissions and
emergency room visits. The main advantage of this method is that it is
ﬂexible enough to simultaneously describe a non-linear exposure–
response association and delayed effects or harvesting (Gasparrini,
2011; Gasparrini et al., 2010). Most recently, DLNM has been applied
in studies to quantify the effects of temperature (Guo et al., 2011; Kim
et al., 2012; Lin et al., 2013) and air pollution (Goldberg et al., 2013)
on mortality.n of Potala Palace; the blue one represents the location of the People's Hospital of Tibet
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cubic spline with 7 df per year for time. To control any confounding
weekly pattern, the day of week was also included as an indicator in
our analysis. Public holiday was controlled as a binary variable. We
did not control for relative humidity, as levels of water vapor in the air
in Tibet are low across the year. We evaluated the model ﬁt using
Akaike's Information Criterion for quasi-Poisson (Q-AIC). The results
showed that models that controlled humidity had higher Q-AIC values,
indicating that models excluding humidity were a better ﬁt (results not
shown). We used maximum temperature to assess temperature effects
in this analysis since it was found to be a better predictor (i.e. had lower
Q-AIC values) than the mean and minimum temperatures.
We used a DLNM with 5 degrees of freedom natural cubic for tem-
perature (knots at equally-spaced percentiles by default) andwith 4 de-
grees of freedom natural cubic for lags (knots at equally-spaced values
in the log scale of lags by default) (Guo et al., 2011; Tian et al., 2012).
The median value of the maximum temperature (17.7 °C) was used as
the reference value (centering value) to calculate the relative risks. A
maximum lag of 27was used to completely capture the overall temper-
ature effect and adjust for a possible harvesting effect (Guo et al., 2011).
We examined and plotted cumulative relative risks with temperature
for lag 0, lags 0–2, 0–14 and 0–27.
We also examined the hot and cold effects separately on relative risks
of total emergency room visits, cause-speciﬁc hospital admissions, and
sex- and age-speciﬁc non-accidental hospitalizations. For hot effects, we
calculated relative risks associated with the 99th percentile of tempera-
ture (high temperature) relative to the 75th percentile of temperature.
For cold effects, we calculated relative risks associated with the ﬁrst
percentile of temperature (cold temperature) relative to the 25th percen-
tile of temperature (Guo et al., 2012). The cumulative effects of hot and
cold temperatures along the lags were then estimated separately.
Sensitivity analysis was conducted by changing the df for time from 6
to 12 per year, the maximum lag days from 14 to 30 days, and the df for
temperature and lags from 3 to 6. All statistical tests andmodeling were
performed using the R software (version 3.0.1). Distributed lag non-
linear models were ﬁtted through “dlnm” package (Gasparrini, 2011).3. Results
In all, there were 82,491 hospital admissions from 1 January 2005 to
31 December 2012 and 159,139 emergency room visits from 1 March
2005 to 31 December 2012. Table 1 shows the statistical summary forTable 1
Summary statistics of daily weather conditions, hospital admissions and emergency room
visits in Lhasa, Tibet during 2005 to 2012.
Mean SD Min 25th Median 75th Max
Mean temperature (°C) 9.6 6.6 −7.3 4.0 9.95 15.4 22.6
Maximum temperature (°C) 17.4 6.1 −0.9 12.6 17.7 22.5 30.4
Minimum temperature (°C) 3.3 7.4 −16.1 −3.2 3.4 10.1 18.2
Relative humidity (%) 33.7 17.2 5.0 19.0 30.0 46.0 84.0
Total emergency room visits 56 19.0 3 43 53 67 167
Total hospital admissions 28 12.6 1 18 27 37 76
Non-external 22 10.6 1 13 21 30 65
Infectious 1 1.3 0 0 1 2 8
Cardiovascular 2 1.8 0 1 2 3 10
Respiratory 4 2.8 0 2 4 6 24
Renal 1 1.1 0 0 1 1 8
Digestive 2 1.4 0 0 1 2 10
Demographica
Male 10 5.9 0 6 10 14 36
Female 11 5.7 0 7 11 15 33
0–15 years 4 2.5 0 2 4 6 14
16–44 years 10 5.0 0 6 9 13 29
45–64 years 5 3.8 0 2 5 8 20
≥65 years 3 2.1 0 1 2 4 13
a Demographic variables are only applicable to thehospital admissions for non-external
diseases.hospital data and weather condition. The average daily maximum tem-
perature was 17.4 °C; the mean temperature was 9.6 °C; the minimum
temperature was 3.3 °C. Fig. 1 displays the full data series for tempera-
ture, total emergency room admissions and hospitalizations. The mean,
maximum and minimum temperatures varied strongly with season.
There was also a clear seasonal trend of total emergency room visits,
with more patients at high temperature days. The daily number of hos-
pitalizations has increased slightly since 2008 and we observed a weak
association between temperature and hospitalizations after 2009, with
more cases in summer than in winter.
The 3-D plots show the non-linear relationships betweenmaximum
temperature and total emergency room admissions, as well as cause-
speciﬁc hospitalizations along 27 lag days (Fig. 2). For total hospital ad-
missions, there was no evident effect of temperature, but both low and
high temperatures were associated with increased numbers of total
emergency room visits. For cause-speciﬁc hospitalizations, admis-
sions for non-external, respiratory and renal diseases had higher
relative risks at hot temperature, but relative risks of admissions
for cardiovascular and digestive diseases were higher at cold
temperatures. A delayed heat effect was observed for infectious
disease admissions.
Fig. 3 shows the temperature effects of current day (lag 0) and cu-
mulative effects on total emergency room admissions, total and cause-
speciﬁc hospital admissions at lags 0–2, 0–14, and 0–27. For the effects
of extreme hot temperature, the cumulative risks on total emergency
room visits, non-external and infectious disease hospitalizations at lag
0–27 were higher than those at lag 0, lags 0–2 and 0–14, while the cu-
mulative risk on admissions for renal diseases and respiratory diseases
was highest at lag 0 and lag 0–2 respectively. For the effects of extreme
cold temperature, the cumulative risks on total emergency room admis-
sions and cause-speciﬁc hospitalizations were highest at lag 0–27,
except for renal and respiratory admissions.
We plotted the hot and cold effects of temperature separately on
total emergency room visits and cause-speciﬁc hospitalizations along
the lag days (Figs. 4, 5). Lag effects for different admission categories
were quite different. For example, heat effects occurred immediately
for total emergency room visits and hospitalizations for respiratory
and renal diseases, whereas heat effects appeared after a 5-day lag for
infectious diseases and a 7-day lag for cardiovascular diseases. Acute
cold effects were also observed for total emergency room visits and di-
gestive diseases, whereas cold effects occurred after a 2-day lag for total
hospital admissions, cardiovascular and renal admissions. Fig. 6 shows
the hot and cold effects on sex- and age-speciﬁc non-accidental hospi-
talizations along the lags. Immediate heat effects were found in all
sub-populations except for those aged 16–44 years old. In addition,
heat effects lasted longer in those aged 45–64 years and older than
65 years. Cold effects increased at long lag days for all sub-groups ex-
cept for those aged 0–15 years old.
The cumulative hot effects on total emergency room visits, cause-
speciﬁc hospitalizations, and sex- and age-speciﬁc non-external hospi-
talizations were calculated along the lags (Table 2). For the short lags
(lag 0 and lag 0–2), heat effects were apparent for renal and respiratory
diseases, whereas for the long lags (lag 0–14 and lag 0–27), high tem-
peratures were associated with the risk of total emergency room visits,
and hospitalizations for non-external and infectious diseases. The
highest cumulative risk of heat effects was observed on infectious dis-
eases at lag 0–27 (RR 2.067, 95% CI: 1.026–4.027). For sex- and age-
speciﬁc non-external hospitalizations, males were more affected than
females, and the elderly were more sensitive to hot temperatures than
other age groups.
The cumulative cold effects on total emergency room visits, cause-
speciﬁc hospitalizations, and sex- and age-speciﬁc non-external hospi-
talization were calculated along the lags (Table 3). The relative risk of
admissions for digestive diseases at lag 0 was the only statistically
signiﬁcant result (RR: 1.132, 95% CI: 1.002–1.282). The highest risk
of cold effect on demographic-speciﬁc non-external diseases was
Fig. 1. Temperature, total emergency room visits and hospital admissions in Lhasa, Tibet during 2005 to 2012.
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not statistically signiﬁcant.
3.1. Sensitivity Analysis
We changed the df (6–12 per year) for time to control seasonality,
which produced similar results (data not shown). We also altered the
maximum lag days from 14 to 31 days, and found that the temperature
effects were similar (data not shown). Additionally, the df for tempera-
ture and lags from 3 to 6 was changed, which also gave similar results.
4. Discussion
In this study, we have analyzed the associations between daily max-
imum temperature and emergency room visits and hospital admissions
in Lhasa, Tibet during 2005–2012. It appears that elevated temperatures
affect morbidity to a greater degree than do low temperatures. High
temperatures were associated with increases of total emergency room
visits and hospitalizations for infectious, renal and respiratory diseases,
while cold temperatures were associated with more frequent digestive
disease admissions. Lag effects of both high and low temperatures were
cause-speciﬁc. Acute temperature effects were observed with renal,
respiratory diseases and digestive diseases, whereas delayed effects
were associated with increased total emergency room visits, and hospi-
talizations for non-external and infectious diseases. We also observed
some signs of increased vulnerability to high temperatures among
those≥65 years of age and males. This study is, to our best knowledge,the ﬁrst to examine temperature-relatedmorbidity and vulnerable sub-
populations in Tibet of China, or any other highland area.
The Tibetan plateau, a part of the world that is particularly sensitive
to environmental disruption (Yu et al., 2012a), has experienced rapid
changes in its climate (Du et al., 2011; Liu and Chen, 2000). Others
have suggested that heat exposure tends to be more troublesome in
cold regions, whereaswarm regionsmay suffermore from coldweather
(Yang et al., 2013). Our ﬁndings are consistentwith this since heat had a
greater impact on human health than cold, and Lhasa experiences mild
summer climates and extreme cold winter temperatures. It may be that
people living in relatively cold regions have low awareness and limited
coping resources (such as air-conditioning) to deal with the heat. As
might be expected, cooling devices are not common in Lhasa: a survey
of 619 respondents which we conducted in August 2012 found that
8.7% of participants had air-conditioning at home, 18.1% reported they
had a fan and about 6% had both (Bai et al., 2013). Moreover, many of
those who had air-conditioning at home reported that they seldom
use the equipment, due to concerns about power costs or other unwant-
ed effects of cooling.
Others have reported immediate effects of ambient temperatures on
total and cause-speciﬁc mortalities (Guo et al., 2012; Huang et al., 2014;
Tian et al., 2012) and measures of morbidity (Chan et al., 2013;
Wichmann et al., 2011; Wichmann et al., 2013; Zanobetti et al., 2013).
In our analysis, we found both hot and cold effects with a range of lag
periods. The risk of acute heat effects (lag 0) was highest for renal dis-
eases (RR: 1.478, 95% CI: 1.005–2.174). This was consistent with previ-
ous studies which found that the largest hot effects on renal diseases
occurred at lag 0 (Green et al., 2009) or lag 1 (Fletcher et al., 2012).
Total emergency room visits Total hospital admissions
Digestive diseases*
Respiratory diseases*Cardiovascular diseases*
Infectious diseases*Non-external diseases*
Renal diseases*
Fig. 2. The three-dimensional plot of the association betweenmaximum temperature and
morbidity along 27 lags (*cause-speciﬁc hospital admissions).
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ing the relationship between high temperature and renal diseases,
which disrupted ﬂuid balance during heat exposure leads to acute
renal failure and the development of renal calculi (Brikowski et al.,
2008; Chen et al., 2008; Lo et al., 2010). Consistent with other studies
(Chan et al., 2013; Lin et al., 2009), we also observed a short heat effect
within 0–2 days on admissions for respiratory diseases (RR: 1.234, 95%
CI: 1.034–1.472). Similarly, Lin et al. (2009) found that the greatest
number of hospital admissions for respiratory diseases was 0–1 days
after elevated temperatures.Apart from short hot effects, delayed and longer lasting heat effects
(lags 0–14 and 0–27)were observedwith the increase of total emergen-
cy room visits, non-external hospitalizations and infectious disease ad-
missions in this study. Most previous studies focused on short-term
heat effects on cause-speciﬁc emergency department visits and hospital
admissions such as total cardiovascular diseases (Ren and Tong, 2006;
Michelozzi et al., 2009), total respiratory diseases (Lavigne et al., 2014;
Lin et al., 2009), acute myocardial infarction (Ebi et al., 2004;
Wichmann et al., 2013) and stroke (Dawson et al., 2008; Ohshige
et al., 2006). However, a few conﬁrmed the associations with total
emergency room visits or total non-external hospitalizations. For in-
stance, a study in UK found no relation between total emergency
room visits and heat when using short-term temperatures (three-day
moving average temperature) (Kovats et al., 2004).
For infectious disease admissions, we also observed that the cumula-
tive effect due to high temperature could last 27 days (RR: 2.067, 95% CI:
1.026–4.027). Previous studies have reported that the transmission and
occurrence of some climate-sensitive infectious diseases such asmalaria
(Midekisa et al., 2012; Zhang et al., 2012), dengue (Lu et al., 2009), diar-
rhea (Alexander et al., 2013; Constantin de Magny et al., 2008), dysen-
tery (Zhang et al., 2008) and salmonellosis (Grjibovski et al., 2012)
were positively linked with one-month lag temperatures.
In Tibet, rapid warming may introduce new threats, particularly
those due to vector-borne diseases. With increased summer tempera-
tures in Lhasa, we have already observed that mosquitoes in the Culex
pipiens complex persist from one season to the next, and now appear
to be established in what was previously recognized as a mosquito-
free area due to its extreme altitude (Liu et al., 2013). Communicable
diseases that may be transmitted by this mosquito species include
Japanese encephalitis, meningitis, and urticaria. In 2009 Japanese en-
cephalitis virus was isolated from Culex tritaeniorhynchus mosquitoes
elsewhere in Tibet, indicating that JEV is already circulating in high-
altitude regions (Li et al., 2011). On the basis of these changes we sug-
gest targeted actions and programs such as speciﬁc disease monitoring,
emergency preparedness, vector control and public education prior to
the seasonal peak in mosquito numbers in Lhasa.
In our analysis, acute cold effects at lag 0 were found to increase ad-
missions for digestive diseases (RR: 1.132 95% CI: 1.002–1.282) which
are ranked second in Lhasa in terms of both mortality and morbidity
(Bai et al., 2008; Li, 2010). According to the literature, the seasonal pat-
tern of digestive disorders is clear, with a signiﬁcant increase found in
the winter months for some severe digestive diseases such as gastric
and duodenal ulcer and bleeding from the upper gastrointestinal tract
(Du et al., 2010; Langma, 1964). It has been hypothesized that exposure
to the cold tends to stimulate humandigestive processes andworsen di-
gestive symptoms by constricting the peripheral blood vessels, leading
to congestion of the visceral vessels and increased secretions. However,
few studies, to date, have explored the relationship between tempera-
ture and digestive diseases. Fernández-Raga et al. (2010) reported
that the most comfortable temperatures for patients with digestive
diseases (19.7 °C) are apparently higher than those for patients with
cardiovascular diseases (16.8 °C) and respiratory diseases (18.1 °C)
(Fernández-Raga et al., 2010). A study carried out in Beijing found
that diurnal temperature range is an independent risk factor for emer-
gency room admissions for digestive diseases among elderly persons
(Wang et al., 2013), which implies that suddenmodiﬁcations in the ex-
ternal temperature also react directly upon the digestive apparatus.
Cardiovascular diseases are well-known to be sensitive to extreme
temperatures (Basu, 2008). However, we found neither hot nor cold
effects for this category of diseases. A review on recent temperature–
morbidity studies concluded that sensitivity of cardiovascular diseases
to temperatures varies by sub-types (Ye et al., 2012). Chronic and
acute cardiovascular diseaseswere found to have opposite relationships
to temperature increases in some studies (Green et al., 2009; Koken
et al., 2003). The authors suggested that those with chronic long-
standing conditions might avoid outdoor exposures during unpleasant
Lag0 Lag0-2 Lag0-14 Lag0-27
Total emergency room visits
Total hospital admissions
Non-external diseases*
Infectious diseases*
Cardiovascular diseases*
Respiratory diseases*
Renal diseases*
Digestive diseases*
Fig. 3. Exposure–response curves of maximum temperature and morbidities along the lags (*cause-speciﬁc hospital admissions).
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Total emergency room visits Total hospital admissions
Non-external diseases* Infectious diseases*
Cardiovascular diseases* Respiratory diseases*
Renal diseases* Digestive diseases*
Fig. 4. The estimated hot effects of maximum temperature (99th relative to 75th percentile) on morbidities along the lags (*cause-speciﬁc hospital admissions).
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Findings in our survey may also support this conclusion (Bai et al.,
2013). In Lhasa, we found that residents with chronic diseases were
more likely to perceive the risk on health of excessive heat and were
more likely to alter their behaviors during hot summer days (e.g. drink-
ing more ﬂuids, staying indoors and avoiding the sun).Vulnerability to temperature-related mortality and morbidity has
been associated previously with socio-demographic characteristics
such as age, sex, health, education, and occupation. We found that
males and the elderly were at higher risk of morbidity associated with
the heat. Some studies in other locations have reported that women
had higher risks than men to extreme weather (Stafoggia et al., 2006;
Total emergency room visits Total hospital admissions
Non-external diseases* Infectious diseases*
Cardiovascular diseases* Respiratory diseases*
Renal diseases* Digestive diseases*
Fig. 5. The estimated cold effects of maximum temperature (1st relative to 25th percentile) on morbidities along the lags (*cause-speciﬁc hospital admissions).
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more likely than women to suffer from chronic conditions including
obesity (Yan et al., 2001), diabetes (Dawa et al., 2006; Yang et al.,
2003), high blood pressure (Hu et al., 2003; Zheng et al., 2011), andAlzheimer's disease (Zhao et al., 2002). In addition, Tibetan men are
more likely to engage in outdoor physical activities. Consistent with
others (Yu et al., 2012b), we observed a strong and signiﬁcant effect of
high temperatures on those older than 65 years. Nevertheless, we
Male Female 0-15 y
16-44 y 45-64 y >=65 y
Male Female 0-15 y
16-44 y 45-64 y >=65 y
Hot effects
Cold effects
Fig. 6. The estimated hot and cold effects of maximum temperature on sex- and age-speciﬁc hospital admissions for non-external diseases along the lags.
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sons (45–64 years) since this age group in Tibet is commonly affected
by chronicmedical conditions (Bai et al., 2013; Hu et al., 2003). Also, un-
like the elderly, most middle aged people are still at work and thus may
be exposed to more unfavorable outdoor weather.
Several limitations of the study should be noted. We did not have
data on outdoor air pollution, which is independently associated with
higher mortality, varies over short periods of time, and may modify
the temperature–morbidity relationship. However, we note that airquality in Lhasa is among the best in China. According to local environ-
mental departments, the number of dayswith high air quality (Air Qual-
ity Index ≤ 50, which means that the daily average concentration of
PM2.5 is 50 μg/m3 or lower) in 2012 was 361. Moreover, our results
were based on analyzing one hospital data. This may result in bias in
the estimated associations. Lastly, with this study design it was not pos-
sible to control other time-varying confounding variables such as intake
of alcohol, smoking rates, use of medications and indoor air pollution
due to residential heating in winters.
Table 2
The cumulative relative risks of hot effects on emergency room visits, cause-speciﬁc hospital admissions, and sex- and age-speciﬁc admissions for non-external diseases.
Lag 0 Lag 0–2 Lag 0–14 Lag 0–27
Total ERVa 1.035 (0.956–1.122) 1.036 (0.951–1.128) 1.162 (1.002–1.349) 1.194 (0.951–1.500)
Total hospitalizations 0.998 (0.897–1.111) 1.010 (0.886–1.151) 1.075 (0.836–1.382) 1.087 (0.728–1.623)
Non-external 1.042 (0.996–1.091) 1.065 (0.984–1.153) 1.161 (1.007–1.339) 1.251 (1.011–1.549)
Infectious 1.016 (0.871–1.184) 0.990 (0.757–1.293) 1.641 (1.026–2.207) 2.067 (1.026–4.027)
Cardiovascular 0.988 (0.867–1.127) 0.931 (0.730–1.189) 0.990 (0.563–1.740) 1.143 (0.449–2.900)
Respiratory 1.119 (1.010–1.240) 1.234 (1.034–1.472) 1.080 (0.808–1.444) 1.117 (0.696–1.792)
Renal 1.478 (1.005–2.174) 1.125 (0.791–1.597) 1.260 (0.704–2.253) 1.635 (0.655–2.760)
Digestive 1.055 (0.921–1.208) 1.036 (0.818–1.313) 0.956 (0.632–1.449) 0.938 (0.472–1.864)
Demographicb
Male 1.036 (0.975–1.102) 1.055 (0.949–1.172) 1.166 (1.002–1.460) 1.246 (0.939–1.652)
Female 1.044 (0.986–1.105) 1.076 (0.975–1.187) 1.069 (0.910–1.256) 1.241 (0.956–1.612)
0–15 1.047 (0.962–1.140) 1.091 (0.942–1.263) 1.118 (0.876–1.426) 1.106 (0.742–1.647)
16–44 1.007 (0.950–1.068) 1.012 (0.914–1.119) 1.140 (0.964–1.347) 1.182 (0.901–1.551)
45–64 1.071 (0.988–1.162) 1.094 (0.951–1.260) 1.062 (0.842–1.340) 1.358 (0.931–1.978)
≥65 1.221 (1.023–1.457) 1.150 (1.002–1.321) 1.249 (0.910–1.712) 1.631 (0.984–2.703)
The bold-faced data means statistically signiﬁcant (p b 0.05).
a ERV: emergency room visits.
b Demographic variables are only applicable to the hospital admissions for non-external diseases.
Table 3
The cumulative relative risks of cold effects on emergency room visits, cause-speciﬁc hospital admissions, sex- and age-speciﬁc admissions for non-external diseases.
Lag 0 Lag 0–2 Lag 0–14 Lag 0–27
Total ERVa 1.041 (0.975–1.110) 1.021 (0.943–1.105) 1.023 (0.877–1.194) 1.127 (0.890–1.428)
Total hospitalizations 0.957 (0.912–1.005) 0.946 (0.891–1.004) 0.894 (0.792–1.008) 1.023 (0.823–1.287)
Non-external 0.986 (0.994–1.030) 0.961 (0.890–1.038) 0.895 (0.788–1.017) 0.982 (0.810–1.191)
Infectious 1.053 (0.905–1.226) 1.054 (0.810–1.373) 0.928 (0.592–1.455) 1.229 (0.627–2.407)
Cardiovascular 0.962 (0.851–1.087) 1.000 (0.802–1.248) 1.030 (0.656–1.618) 1.001 (0.462–2.166)
Respiratory 0.964 (0.893–1.040) 0.908 (0.792–1.040) 0.799 (0.616–1.037) 0.747 (0.499–1.119)
Renal 0.966 (0.690–1.350) 1.051 (0.737–1.498) 0.912 (0.498–1.670) 1.043 (0.405–2.448)
Digestive 1.132 (1.002–1.282) 1.233 (0.998–1.531) 1.153 (0.776–1.713) 1.354 (0.733–2.503)
Demographicb
Male 1.030 (0.972–1.091) 1.029 (0.931–1.138) 0.913 (0.771–1.081) 1.023 (0.793–1.319)
Female 0.954 (0.904–1.007) 0.911 (0.830–1.002) 0.909 (0.772–1.070) 1.001 (0.780–1.286)
0–15 1.011 (0.936–1.092) 1.005 (0.879–1.150) 1.005 (0.800–1.262) 1.137 (0.801–1.613)
16–44 0.977 (0.923–1.035) 0.935 (0.846–1.034) 0.796 (0.673–0.940) 0.852 (0.662–1.095)
45–64 1.042 (0.964–1.126) 1.057 (0.922–1.210) 0.926 (0.738–1.163) 1.006 (0.715–1.415)
≥65 0.916 (0.792–1.059) 0.810 (0.675–0.973) 1.050 (0.773–1.427) 1.195 (0.757–1.887)
The bold-faced data means statistically signiﬁcant (p b 0.05).
a ERV: emergency room visits.
b Demographic variables are only applicable to the hospital admissions for non-external diseases.
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Our study has added an important dimension to the growing body of
work that documents the temperature–morbidity association, as there
have been no reports previously from such a high-elevation setting.
We found that hot temperatures were more strongly associated with
morbidity in Lhasa than were cold temperatures. Heat effects were
associated with increases of total emergency room visits, hospital ad-
missions for non-external diseases, renal diseases and respiratory dis-
eases, whereas cold temperatures were linked with digestive disease
admissions. We suggest that initiatives are needed now to minimize
the downside temperature effects in Tibet, especially in hot seasons,
due to climate change and limited resources needed to cope. Particular
attention should be paid to groups at greater risk, such as the elderly.
Further studies are required to conﬁrm our ﬁndings, to examine
other population sensitivity factors and to include other locations
in Tibet.
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